














学校编码：10384                                           密级       













Physiological responses of Artemia sinica under 






专  业 名 称：环 境 科 学 
论文提交日期：2014 年 5 月 
论文答辩时间：2014 年 5 月 





















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             



























（     ）1. 经厦门大学保密委员会审查核定的保密学位论文，
于 2017 年 12 月 31 日解密，解密后适用上述授权。 






声明人（签名）：             



















摘要 ............................................................................................................................. A 
Abstract ........................................................................................................................ a 
缩略词中英文对照表......................................................................................... - 1 - 
第 1 章 绪论 ......................................................................................................... 1 
1.1 海洋酸化对海洋生物的影响 ................................................................................... 1 
1.1.1 海洋酸化对海洋生物生长发育的影响................................................ 2 
1.1.2 海洋酸化对海洋生物生理、生化过程的影响.................................... 3 
1.2 卤虫研究概述 .............................................................................................................. 4 
1.2.1 卤虫生物学特征、分布情况及经济营养价值.................................... 4 
1.2.2 卤虫免疫相关基因研究进展................................................................ 6 
1.2.3 卤虫发育相关基因研究进展................................................................ 8 
1.2.4 卤虫应用于毒理学研究进展................................................................ 9 
1.3 水生甲壳动物重要生理性酶类研究进展 .......................................................... 10 
1.4 蛋白质组学技术和气相色谱-质谱联用技术在海洋生物研究中的应用 .. 11 
1.5 本研究的技术路线、目的与意义 ........................................................................ 13 
1.5.1 技术路线............................................................................................... 13 
1.5.2 目的与意义........................................................................................... 13 
第 2 章 海水酸化对中国卤虫孵化率、存活率、生长情况及形态结
构的影响 ................................................................................................................. 15 
2.1 材料与方法 ................................................................................................................. 15 
2.1.1 材料...................................................................................................... 15 
2.1.2 方法...................................................................................................... 16 
2.2 结果与分析 ................................................................................................................. 20 
2.2.1 酸化处理对中国卤虫孵化率的影响.................................................. 20 















2.2.3 酸化处理对中国卤虫生长情况的影响.............................................. 21 
2.2.4 酸化处理对中国卤虫形态结构的影响.............................................. 23 
2.3 讨论 .............................................................................................................................. 23 
2.4 小结 .............................................................................................................................. 25 
第 3 章 海水酸化对中国卤虫免疫及发育相关基因表达的影响 ..... 26 
3.1 材料与方法 ................................................................................................................. 26 
3.1.1 材料...................................................................................................... 26 
3.1.2 方法...................................................................................................... 27 
3.2 结果与分析 ................................................................................................................. 31 
3.2.1 总 RNA 提取 ........................................................................................ 31 
3.2.2 酸化处理对中国卤虫不同基因表达的影响...................................... 33 
3.3 讨论 .............................................................................................................................. 35 
3.4 小结 .............................................................................................................................. 38 
第 4 章 海水酸化对中国卤虫重要生理性酶活的影响 ........................ 39 
4.1 材料与方法 ................................................................................................................. 39 
4.1.1 材料...................................................................................................... 39 
4.1.2 方法...................................................................................................... 39 
4.2 结果与分析 ................................................................................................................. 46 
4.3 讨论 .............................................................................................................................. 48 
4.4 小结 .............................................................................................................................. 49 
第 5 章 海水酸化条件下中国卤虫差异表达蛋白质组学研究 .......... 50 
5.1 材料与方法 ................................................................................................................. 50 
5.1.1 材料...................................................................................................... 50 
5.1.2 方法...................................................................................................... 51 
5.2 结果与分析 ................................................................................................................. 56 

















5.3 讨论 .............................................................................................................................. 72 
5.4 小结 .............................................................................................................................. 74 
第 6 章 海水酸化条件下中国卤虫体内脂肪酸含量变化情况 .......... 75 
6.1 材料与方法 ................................................................................................................. 75 
6.1.1 材料...................................................................................................... 75 
6.1.2 方法...................................................................................................... 75 
6.2 结果与分析 ................................................................................................................. 77 
6.3 讨论 .............................................................................................................................. 87 
6.4 小结 .............................................................................................................................. 89 
结语与展望 .............................................................................................................. 90 
参考文献 ................................................................................................................... 93 
在学期间参加的科研项目及成果 .................................................................. 110 

















Abstract in Chinese .............................................................................................  A 
Abstract in English ................................................................................................. a 
Lists of abbreviation .........................................................................................  -1- 
Chapter 1 Introduction ......................................................................................... 1 
1.1 The effects of ocean acidification on the marine organisms........................ 1 
1.1.1 The effects of ocean acidification on the growth and development of 
marine organisms ............................................................................................. 2 
1.1.2 The effects of ocean acidification on the physiology and biochemical 
process of marine organisms ............................................................................ 3 
1.2 Introduction of brine shrimp ......................................................................... 4 
1.2.1 Biological characteristics, distribution and economic nutritive value of 
brine shrimp ..................................................................................................... 4 
1.2.2 Research progress on the immune-related genes of brine shrimp .......... 6 
1.2.3 Research progress on the development-related genes of brine shrimp ... 8 
1.2.4 Research progress on the toxicology studies of brine shrimp ................. 9 
1.3 Research progress on the impotrant physiologic enzyme activities of the 
aquatic crustacean .............................................................................................. 10 
1.4 The proteomics technique and GC-MS technique applied to marine 
organisms research ............................................................................................ 11 
1.5 Objectives and contents of this research ..................................................... 13 
1.5.1 Technical route of this study ................................................................. 13 
1.5.2 Purpose and significance of this study .................................................. 13 
Chapter 2 The effects of acidified seawater on the egg hatching rate, 
survival rate, length and morphological change of A. sinica ................. 15 















2.1.1 Materials ............................................................................................... 15 
2.1.2 Methods ................................................................................................. 16 
2.2 Results ............................................................................................................ 20 
2.2.1 The effects of acidified seawater on the egg rate of A. sinica............... 20 
2.2.2 The effects of acidified seawater on the survival rate of A. sinica ....... 20 
2.2.3 The effects of acidified seawater on the length of A. sinica ................. 21 
2.2.4 The effects of acidified seawater on the morphological structure of A. 
sinica .............................................................................................................. 23 
2.3 Discussion ....................................................................................................... 23 
2.4 Summary ........................................................................................................ 25 
Chapter 3 The effects of acidified seawater on the expression of 
immune-related and development-related gene of A. sinica .................. 26 
3.1 Materials and methods ................................................................................. 26 
3.1.1 Materials ............................................................................................... 26 
3.1.2 Methods ................................................................................................. 27 
3.2 Results ............................................................................................................ 31 
3.2.1 Total RNA extraction ............................................................................ 31 
3.2.2 The effects of acidified seawater on the different gene expression of A. 
sinica .............................................................................................................. 33 
3.3 Discussion ....................................................................................................... 35 
3.4 Summary ........................................................................................................ 38 
Chapter 4 The effects of acidified seawater on the important 
physiological enzyme activities of A. sinica .................................................. 39 
4.1 Materials and methods ................................................................................. 39 
4.1.1 Materials ............................................................................................... 39 
4.1.2 Methods ................................................................................................. 39 
4.2 Results ............................................................................................................ 46 















4.4 Summary ........................................................................................................ 49 
Chapter 5 Differential proteomics study to A. sinica under acidified 
seawater   ............................................................................................................... 50 
5.1 Materials and methods ................................................................................. 50 
5.1.1 Materials ............................................................................................... 50 
5.1.2 Methods ................................................................................................. 51 
5.2 Results ............................................................................................................ 56 
5.2.1 Standard curve of protein ...................................................................... 56 
5.2.2 The different protein expression of A. sinica under ocean acidification 
and the identification analysis of the differential protein .............................. 56 
5.3 Discussion ....................................................................................................... 72 
5.4 Summary ........................................................................................................ 74 
Chapter 6 The effects of acidified seawater on the fatty acid 
composition change of A. sinica ....................................................................... 75 
6.1 Materials and methods ................................................................................. 75 
6.1.1 Materials ............................................................................................... 75 
6.1.2 Methods ................................................................................................. 76 
6.2 Results ............................................................................................................ 77 
6.3 Discussion ....................................................................................................... 87 
6.4 Summary ........................................................................................................ 89 
Conclusions ............................................................................................................. 90 
References ................................................................................................................ 93 































表达变化。运用实时荧光定量 PCR 技术，结果发现 Spätzle、MyD88、GNBP、
proPO、Caveolin-1、Notch、API5、Trh、Cyclin K 等表达水平呈显著性差异，表
明酸化处理对中国卤虫特定基因的表达模式具有显著影响。 
3. 分析了不同酸化条件下活性氧自由基清除系统相关酶 SOD、CAT 和 POD

































谱联用技术，结果发现卤虫体内棕榈酸（16: 0），棕榈油酸（16: 1），硬脂酸（18: 
























The atmospheric CO2 concentration increased by human activities, CO2 can 
slightly soluble in water, then H2CO3 can be generated by the combination of CO2 and 
water, acidity will be changed which lead to ocean acidification. The effects of ocean 
acidification on the development and metabolism of marine organisms have drawn 
lots of attention recently, more and more researchers carry out the correlation study on 
it. A. sinica was selected as the tested organism. The egg hatching rate, the growth 
rate, the survival rate and morphological change under the different pH levels (pH 8.2, 
pH 7.8, pH 7.6) were studied to understand the response strategies to the acidified 
seawater. Then, real-time PCR technique was used to find the genes patterns of A. 
sinica exposed to acidified seawater, furthermore, the biochemical parameters of A. 
sinica, including important physiologic enzyme activities were investigated when A. 
sinica exposure to acidified seawater to clarify the toxic effects of acidified seawater 
and the response mechanisms of A. sinica. At last, the protein and fatty acid 
composition change of A. sinica exposed to acidified seawater were tested to clarify 
the mechanisms of molecular regulation. The results were shown as follows:  
1. Preliminary study on the effects of acidified seawater on the the egg hatching 
rate, the growth rate, the survival rate and morphological change of A. sinica. We 
found that the egg hatching rate of A. sinica was significantly decreased by the 
elevated acidity. The survival rate of A. sinica was significant decreased with the 
exposure time, what‘s more, the acidified seawater significantly impacted the growth 
rate of A. sinica. We speculated that the acidified seawater might change the 
regulation patterns of acid base balance and the toxicity of acidified seawater might 
inhibit the development and change the morphology. 
2. Real-time PCR technique was used in the study to analyse the immune-related 
and development-related gene expression in different developmental stages of A. 
sinica under different pH levels. Almost all of the specific genes (Spätzle, MyD88, 
GNBP, proPO, Caveolin-1, Notch, API5, Trh, Cylcin K) were significantly change 















3. Antioxidant related enzyme activities including SOD, CAT, POD significantly 
increased under the acidified seawater and duration of exposure time, we speculated A. 
sinica enhanced the antioxidant defensive enzyme activity to weaken the harmful free 
radical to the body. The activity of GOT decreased by the elevated acidity. The results 
of seawater acidificaton on the ACP and AKP activities were differences, the response 
mechanisms need more investigation.  
4. The protein patterns of A. sinica were analysed by the proteomics technique. 
The results showed that glyceraldehyde-3-phosphate dehydrogenase，myosin light 
chain, SUMO-1-like protein, ferritin, uridylate kinase, translation elongation factor 
eEF-1 beta chain, Na/K ATPase, ubiquinol-cytochrome c reductase core protein 
participated in the processes of metabolism and physiology; vitellogenin-superoxide 
dismutase fusion protein, peroxiredoxin, thioredoxin peroxidase, translationally 
controlled tumor protein, histone H3, putative prophenoloxidase, 70 kDa heat shock 
protein participated in the processes of cell cycle and detoxify; small heat 
shock/alpha-crystallin protein precursor, peroxiredoxin, glyceraldehyde-3-phosphate 
dehydrogenase, ribosomal protein S7, 70 kDa heat shock protein, 14-3-3 zeta 
participated in the processes of apoptosis;  chaperonin-containing TCP1 subunit 2, 
partial, myosin light chain, tropomyosin, zinc metalloproteinase, tubulin alpha chain 
participated in the processes of musculation and cytoskeleton. Some proteins involved 
in the regulation of immunity, detoxic processes, cell pair and metabolism processes 
were impacted by the acidified seawater, we speculated that there were some changes 
in the physiological processes in A. sinica. 
5. GC-MS technique was used to measure the fatty acid composition of A. sinica. 
C16: 0, C16: 1, C18: 0, C18: 1, C18: 1, C18: 2, C18: 3 and C22: 6 were highly 
content in A. sinica. The different pH levels had different impacts on the different 
fatty acids, we speculated that the fatty acid were sensitive to the varying environment, 
however, the specific mechanism was not clear.  
The effects of acidified seawater on the biological characteristics, immune-related 
and development-related gene, immune-related enzyme activities, protein differential 















above results provides the basis for futher understanding of the ecological effects of 
ocean acidification on the marine organisms.  
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ACP Acid phosphatase 酸性磷酸酶 
AKP Alkaline phosphatase 碱性磷酸酶 
API5 Apoptosis inhibitor 5 凋亡抑制蛋白 5 
APS Ammonium persulfate 过硫酸铵 
AS Artemia sinica 中国卤虫 
bp Base pair 碱基对 
BSA Boyine serum albumin 牛血清白蛋白 
CAT Catalase 过氧化氢酶 






Ct Cycle threshold 阈值循环数 
DEPC Diethy pyrocarbonate 焦碳酸二乙酯 
DHA Docosahexaenoic acid 二十二碳六烯酸 
DIC Dissolved inorganic carbon 无机碳 
DTT DL-Dithiothreitol 二硫素糖醇 
EB Ethidium bromide 溴化乙啶 
EPA Eicosapentaenoic acid 二十碳五烯酸 






Gram-Negative Bacteria Binding Pro- 
tein 
革兰氏阴性菌结合蛋白 
GOT Glutamic-oxaloacetic transaminase 谷草转氨酶 
H-E Hematoxylin-Eosin 苏木精-伊红 
IAM iodacetamide 碘乙酰胺 
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LC-MS/MS 
Liquid chromatography-tandem mass 
spectrometry 
液相色谱串联质谱 
mRNA Messenger ribonucleic acid 信使 RNA 
MUFA Monounsaturated fatty acid 单不饱和脂肪酸 
MyD88 
Myeloid differentiation primary respose 
gene 88 
髓样分化因子 88 
OA Ocean acidification 海洋酸化 
OD Optical density 光密度 
PBS Phosphate buffer saline 磷酸盐缓冲液 
PCR Polymerase chain reaction 聚合酶链式反应 
PMSF Phenylmethanesulfonyl fluoride 苯甲基磺酰氟 
POD Peroxidase 过氧化物酶 
PUFA Polyunsaturated fatty acid 多不饱和脂肪酸 
r/min Round per minute 每分钟转速 
RT Reverse transcription 反转录 
Real-time 
PCR 
Realtime quantitative PCR 实时荧光定量 PCR 
SDS Sodium dodecyl sulfate 十二烷基硫酸钠 
SDS-PAGE SDS-polyacrylamide gel electrophoresis SDS-聚丙烯酰胺凝胶电泳 
SFA Saturated fatty acid 饱和脂肪酸 
SIM selected ions monitoring 选择离子检测 
SOD Superoxide dismutase 超氧化物歧化酶 
TAE Tris-acetic acid-EDTA buffer 
Tris-乙酸-乙二胺四乙酸缓
冲液 
TEMED Tetramethylethylenediamine 四甲基二乙胺 
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